In this paper, the problem of optimum allocation of repairable and replaceable components in a system is formulated as a Bi-objective stochastic non linear programming problem. The system maintenance time and cost are random variable and has gamma and normal distribution respectively. A Bi-criteria optimization technique, weighted Tchebycheff is used to obtain the optimum allocation for a system. A numerical example is also presented to illustrate the computational details.
Introduction
We consider a system which requires performing a sequence of identical production runs after every given (fixed) period. A production run in the system consists of several subsystems where each subsystem can work properly if at least one of its components is operational. The following assumptions are also made:
1) all the components can be repaired if deteriorated or failed;
2) all component states are independent. We assume that the system comprises two types of subsystem. One is the type of subsystems in which the components are very sensitive to the functioning of the whole system and, therefore, on deterioration these should be replaced by new ones. Let these subsystems range from 1 to paired and then replaced. Let such subsystems range from s . The other type of subsystems is those in which the components after deterioration can be re-1 s  to . In Figure 1 the Group X consists of the m s subsystems with sensitive components which on failure are replaced by new ones and Y the remaining   m s  subsystems in which the components can be repaired (see Ali et al. [1] ).
Ideally, all the failed components in all the subsystem of Group X are replaced by new ones prior to the beginning of the next mission/ run. In a similar way, ideally all the failed components in subsystem of Group Y are repaired and then replaced prior to the beginning of the next mission/run. However, due to the constraints on the cost and time it may not be possible to repair and replace all the failed components in Groups X and Y. For this a mathematical programming frame-work is established for assisting decision-makers in determining the optimal subset of maintenance activities to perform prior to beginning of the next mission. This decision-making process is referred to as selective maintenance. The selective maintenance models presented allow the decision-maker to consider limitations on maintenance time and budget, as well as the reliability of the system. Selective maintenance is an open research area that is consistent with the modern industrial objective of performing more intelligent and efficient maintenance. For this let us suppose i be the total failed components in the subsystems and i be the number of components in the subsystem, which can be repaired and replaced prior to the beginning of the next mission (See Rice et al. [2] ). Thus under the selective maintenance the number of components available for the next mission in the subsystem will be 
Therefore the reliability of the subsystems range from 1 to for a production run is given by
and the reliability of the subsystems range from  s
for a production run is given by m
The maintenance time constraint for the system is given as (4) and the maintenance cost constraint for the system is given as (5) However, in the event the reliability of the subsystems of Groups X and Y time are of equally serious concern. Let us consider, for instance, the following multi-objective problem (please see the Equation (6) below).
Secondly, a Bi-objective programming problem in which time and the cost spent on system maintenance is minimized simultaneously for the required reliability
(say). The mathematical model of the problem is given as Equation (7) below. In this paper, we have formulated stochastic system maintenance problem as a multi-objective programming T td
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Since number of components within the as   replaceable time and cost as a random variable in the constraint and has Gamma and Normal distribution respectively. The Probabilistic constraints function is then converted into an equivalent deterministic non-linear programming form by using chance constrained programming.
The Chance Constrained Programming
In many practical situations the constraint Equations (i and (iv) are not fixed and taken as probabilistic. Thus the above problem (6) can be written in the following chance constrained programming form as Equation (8) 
Thus (9) is equivalent to
is a standard normal variate with mean zero and variance one. Thus the probability of realizing
where   
The inequality will be satisfied only if 
The equivalent deterministic non-linear programming pr stochastic programming problem is give
Modified E-Model
Consider the situations in which the time taken and cost spent on maintenance are not fixed and taken as probabilistic in the objective function in Equations (i) and (ii). Thus the above problem (7) can be written in the following probabilistic objective function form as: 
Using Modified E-model technique, the problem (16) is formulated as
es show the relative impor the expectation and the variance. Some authors suggest that 1 
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ia Weighted Tchebycheff Optimization Technique
Let us consider a multi-objective programming prob- 
A Multi-Criter 
is weakly efficient,   f x  is weakly no minated).
ndo
There are several metrics that are found in the literature related to multi-objective programming problem. If 
Miettinen [14] also showed that if the objectives and constraints are differentiable form of problem (23) can be defined as
The solution of problem (24) is guaranteed weekly non-dominated for positive weights a non-dominated solution is also guaranteed. If t tion is unique, then it is non-dominated, however if it is no Wierz on (15) are to be maximizing the total reliability of replaceable components of Group X and the reliability of ponents of Group Y. We have convert the following ma nd at least one he solut unique, then it might be weakly non-dominated (see bicki [15] . The two objective functions in the Equati repairable comximizing problem into minimization problem using the property
 

Max
Min Z Z   . Therefore the problem defined in Equation (15) is converted into a two criterion minimization problem:
Min , Z Z  subject to the constraints (see Khasawneh et al. [16] ). Now the efficient solution is obtained by using the weighte bycheff technique 
and similarly 
Subject to ii
In similar way, the problem Equation (17) is also a two criterion minimizat :
subject to the constraints. Now the efficient solution is obtained by using the weighted Tchebycheff technique
The values of i  can be defined as the minimum individual values of the following problems: 
Now the probl defined in Model 1; Equation (18) 
subject to the (iii) to (vi) of Equation (19).
Numerical Illustrations
Consider a system having the Group X consisting of 3 subsystems and also the Group Y consisting of 4 subsystems. 
